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FAILURE MODE FOR HVAC SYSTEM 

BACKGROUND OF THE INVENTION 

[1] The present application claims priority to United States Provisional Patent 

Application Serial No. 60/537694, filed 20 January 2004. 

[2] The present invention relates to an HVAC system, and more particularly to bypassing 

a failed HVAC system component and/or stages to assure at least partial system capacity. 

[3] A heating, ventilating, and air conditioning (HVAC) system includes multiple 

components that function together in a coordinated manner. Typically, an HVAC system 
includes an indoor unit such as a gas furnace or fan coil, an outdoor unit such as an A/C or 
heat pump, and a thermostat. More sophisticated systems may include a multi-zone control 
capacity with zone control and zone dampers. HVAC systems also frequently include 
subsystems such as filters, humidifiers, and ventilators. 

[4] Typical HVAC systems include multiple stages of heating and/or cooling capacity. 

At the lowest demand, the first (lowest capacity) stage is activated. As demand increases 
past the capacity of the lowest stage, the next higher capacity stage is activated. If a lower 
capacity stage has failed, the component will "stage up" past the failed stage until enough 
capacity is brought on to satisfy the load. However, this may not be optimal as staging delays 
and temperature drop occur during the time in which the conventional component stages 
through the failed stage. Moreover, conventional controllers are unaware of failed stages 
within the remote HVAC components. If the highest capacity stage is the non-functional 
stage, the control will maintain operation of the system at this highest stage that has failed 
while providing no conditioning as conditioning demand continues to increase. The result 
may be complete loss of conditioning. 

[5] Accordingly, it is desirable to provide an HVAC system control that identifies and 

isolates a failed HVAC system and/or stages on a system wide level to assure at least partial 
system capacity while minimizing delays within a staging sequence by monitoring a 
temperature of a controlled area. It is further desirable for an HVAC system to learn 
component and stage capacities such that the specific system performance information is 
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incorporated into the system control algorithm to optimize control over a wide range of 
system capacities. 

SUMMARY OF THE INVENTION 

[6] The HVAC system according to the present invention provides a central control 

which detects the failed stage(s); removes the failed stage(s) from the staging sequence used 
by the controller; and later checks the failed stage periodically to see if the failed stage has 
become functional so that the not properly operational stage is returned to a staging sequence. 

[7] The central control detects the failed stages and/or components by direct 

communication with the failed stages and/or components. Alternatively, the central control 
detects the failed stages and/or components by monitoring the temperature of a controlled 
area to determine if any particular stage is operating properly. A higher stage having more 
capacity will create a more positive slope to the controlled environment temperature vs. time 
curve than a lower stage if the higher stage is properly operating. 

[8] The controller also permits the system to automatically determine the HVAC 

components contained within the system such that capacity information is incorporated into 
the thermostat's control algorithm to optimize control over a wide range of system capacities, 
minimizing the requirement for an installer to make gain adjustments. 

[9] The present invention therefore provides an HVAC system control that identifies and 

isolates a failed HVAC system and/or stages on a system wide level to assure at least partial 
system capacity while minimizing delays within a staging sequence by monitoring a 
temperature of a controlled area. The present invention also provides an HVAC system 
which learns component and stage capacities such that the specific system performance 
information is incorporated into the system control algorithm to optimize control over a wide 
range of system capacities. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[10] The various features and advantages of this invention will become apparent to those 

skilled in the art from the following detailed description of the currently preferred 
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embodiment. The drawings that accompany the detailed description can be briefly described 
as follows: 

[11] Figure 1 is a general schematic view of an HVAC system for use with the present 

invention. 

[12] Figure 2 is a block diagram of a central controller; 

[13] Figure 3 is a flowchart illustrating operation of the present invention; 

[14] Figure 4 is a graphical representation of a controlled environment temperature vs. 

time curve for an operational HVAC component; and 
[15] Figure 5 is a graphical representation of a controlled environment temperature vs. 

time curve for an HVAC component with a malfunction stage. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[16] Figure 1 illustrates a general schematic view of an HVAC system 10. The system 10 

generally includes a central controller 12 that communicates with a zone control 14, an 
indoor unit 16, and an outdoor unit 18. The central controller 12 communicates over a digital 
communication bus 20. The bus 20 preferably includes four communication paths, such as 
four wires 22 or the like, which communicate data and power. It should be understood that 
other communication systems will likewise benefit from the present invention. 
[ 1 7] The zone control 14 preferably provides thermostat controls for each of several zones 

and a damper control for dampers associated with each of the zones as generally understood. 
The zone control 14 includes a microprocessor controller 24 that communicates with the 
central controller 12 over the bus 20. 
[18] The indoor unit 16 includes an indoor unit microprocessor controller 26, which 

communicates with the central controller 12 over the bus 20. The indoor unit 16 typically 
includes a furnace, fan coil, or the like. The indoor unit 16 includes a multiple of indoor 
stages 16A, 16B. The indoor stages 16A, 16B include for example only, a high stage and a 
low stage. It should be understood that any number of stages will benefit from the present 
invention. 

[19] The outdoor unit 18, such as an A/C unit or a heat pump, includes an outdoor unit 

microprocessor control 26, which communicates to the central control 12 over the bus 20. 
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The outdoor unit 18 includes a multiple of outdoor stages 18 A, 18B. The outdoor stages 
18 A, 18B include for example only, a high stage and a low stage. It should be understood 
that any number of stages will benefit from the present invention. 

[20] It should be understood that although a particular component arrangement and 

communication bus layout is disclosed in the illustrated embodiment, other arrangements 
will benefit from the instant invention. 

[21] The central control 12 includes a display 30, such as a LCD or flat panel display, and 

input devices 32, such as a plurality of buttons, directional keypad, but alternatively 
including a mouse, keyboard, keypad, remote device, or microphone. Alternatively, the 
display 30 can be a touch screen display. 

[22] Each HVAC system component includes a dedicated microprocessor controller 24, 

26, 28 which communicates with the central control 12 over the data bus 20. Through the 
bus 20, the conditioning components communicate to the controller 12 system information 
such as the state of health of the component including any stages which have failed. 

[23] The central control 12 preferably operates as a thermostat for the HVAC system 10 

and further includes a computer module 33 connected to the display 30 and input devices 32. 
The computer module 32 generally includes a CPU 34 and a storage device 36 connected to 
the CPU 34 (Figure 2). The storage device 36 may include a hard drive, CD ROM, DVD, 
RAM, ROM or other optically readable storage, magnetic storage, or integrated circuit. The 
software to control the HVAC system 10 including thermostat control algorithms and the 
instruction for the display 30 and user interface may also be stored in storage device 36 or 
alternatively in ROM, RAM or flash memory. 

[24] Referring to Figure 3, the central control 12 determines if a capacity producing 

component in the system 10 has failed to operate satisfactorily when it is turned on by the 
central control 12. The central control 12 makes this determination. In a dual fuel HVAC 
system 10, which for example, includes both a furnace and a heat pump, the heat pump is 
utilized to provide some capacity to the system should the furnace fail or vice versa. With a 
dual fuel system, the lowest stage (or two stages in the case of a dual capacity heat pump) are 
normally followed by two furnace stages, each having higher capacity than the heat pump 
stage(s). If either the heat pump or the furnace fails, this is communicated to the controller 
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12 and the controller 12 removes the failed stages from its staging sequence, leaving only the 
working stages. 

[25] Occasionally, there may be internal failures which will result in one of the indoor 

stages 16 A, 16B failing while the other remains operable. When this occurs, the central 
control 12 identifies the failure and utilizes the operable stage to supply conditioning, and 
removes the other stage from attempted operation thereby bypassing stage timers and the like 
so that extended delays common to conventional component "stage-up" systems are 
overridden. Staging delays and some temperature droop occur as the failed stage is 
attempted to be used in conventional components. The present invention removes the failed 
stage from the sequence of available stages, closing the gap and leaving only those that are 
functional. 

[26] Generally, the central control 12 detects the failed stage(s); removes the failed 

stage(s) from the staging sequence used by the controller; and later checks the failed stage 
periodically to see if the failed stage has become functional so that the now properly 
operational stage is returned to a staging sequence. 

[27] The central control 12 detects the failed stages and/or components by direct 

communication or no communication with the failed stages and/or components through 
communication between the microprocessor controller 24, 26, 28 and the central control 12 
over the data bus 20. Alternatively, the central control 12 queries the microprocessor 
controller 24, 26, 28 and in response to a failure to reply from the microprocessor controller 
24, 26, 28, the central control 12 will infer that the stages and/or components as failed. 

[28] Alternatively, the central control 12 detects the failed stages and/or components by 

monitoring a temperature of a controlled area to determine if any particular stage is operating 
properly. A higher stage, having more capacity, will create a more positive slope to the 
controlled environment temperature vs. time curve than the stage below it (Figure 4). If such 
a response is not identified by the controller 12, the stage is classified as having failed. Once 
a stage is determined to be inoperable, it is removed from the staging sequence by the 
controller 12. At the next opportunity for this deleted stage to be used or on a periodic 
schedule, its "health" is checked again to see if it is available. If it is found to be "healthy," it 



-5- 



EXPRESS MAIL NO. EV220476196US 



60,246-336 
10884/CAR017976 



is returned to the staging sequence. By this means, "self-healing" is detected and the stage 
will again be utilized if it is available. 
[29] It should be understood that an entire component of the system 10 may have failed 

(example: an entire heat pump) or a stage of that piece of equipment (example: low speed on 
a two speed heat pump). In either case, only the failed stage or stages are removed from the 
staging sequence. The process is applied between any successive output states that exist for 
controller 12, i.e., stages of electric heat or a multi-capacity compressor. This permits a 
failure in any one of several capacity producing components in a system to be found and 
identified. Any successive stage that should produce added capacity, but does not, may be 
deemed to have failed. 

[30] The central control 12 monitors the rate of change of a room temperature before and 

after it turns on the stage. If there is a change in the rate of change of room temperature, it 
can be inferred that the component is operating. If there is no change in the rate of change, 
the component can be assumed to be inoperative (Figure 5). The measurements of rate of 
change are preferably filtered and timed so that noise and equipment capacity delays do not 
provide false information. 

[31] The amount of change in the rate of change of a room temperature is generally 

proportional to the amount of added capacity to be brought on by the next stage and the heat 
loss of the structure. This amount could be determined by storing the designated value into 
the controller 12 as a fixed value or later programming of the designated value into the 
controller 12 by a technician during installation. 

[32] Alternatively, or in addition, the amount of change in the rate of change is learned by 

the controller 12 from monitoring the system 10 responses to its outputs over a number of 
cycles. That is, the controller 12 after a number of cycles "learns" the capacity of each state 
of the system. When the system does not respond with the learned capacity, the controller 12 
infers that there has been a failure. To avoid false indications that might arise (by, for 
example only, a door being opened at the same time a next stage is turned on), two 
successive failures are preferably required before an alert is provided. 

[33] The "learning" of the system 10 by the controller also permits the system 10 to 

automatically determine the HVAC components contained within the system 10. For 
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example only, a system 10 will "learn" if it has a single or two speed compressor, single, or 
multiple stages of electric heat or even if it is a heat pump or an air conditioner in response to 
monitoring the rate of change of a room temperature and break-points contained therein. 
This permits a dealer to stock fewer controllers and minimize factory or field selection 
jumpers thereby simplifying a technician's service call, as the system 10 will essentially 
configure itself. 

[34] Once the equipment capacity has been learned by the controller 12, the capacity 

information is incorporated into the thermostat's control algorithm to optimize control over a 
wide range of system capacities, minimizing the requirement for an installer to make gain 
adjustments. In addition, the system equipment capacity is utilized to optimize the system 
response to recovery such as from night setback by bringing on the correct capacity at the 
right time to provide optimum comfort and efficiency. That is, the learned equipment may 
be utilized by the controller 12 to modify the recovery time for a system component and/or 
stage which functions sub-optimally or decreases the recovery time for an efficient 
component to achieve a designated temperature at a desired time. For example only, a failed 
stage would be "learned" when the controller 12 "learns" the capacity of each state of the 
system such that the recovery time will be accordingly increased to account for the failed 
stage to thereby achieve a designated temperature at a desired time. Other time periods may 
be user input such as the longest time ahead of the setback recovery time at which the 
equipment should start the recovery. 

[35] Although particular step sequences are shown, described, and claimed, it should be 

understood that steps may be performed in any order, separated or combined unless 
otherwise indicated and will still benefit from the present invention. 

[36] The foregoing description is exemplary rather than defined by the limitations within. 

Many modifications and variations of the present invention are possible in light of the above 
teachings. The preferred embodiments of this invention have been disclosed, however, one 
of ordinary skill in the art would recognize that certain modifications would come within the 
scope of this invention. It is, therefore, to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 
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For that reason the following claims should be studied to determine the true scope and 
content of this invention. 



